The esophageal mucosal integrity is impaired in eosinophilic esophagitis (EoE) and it has been suggested that the duodenal permeability is increased. The absence of food allergens may restore the integrity. The aims of this study were to assess duodenal permeability in EoE and to evaluate the effect of an elemental diet on the esophageal and duodenal integrity.
INTRODUCTION
Eosinophilic esophagitis (EoE) is an allergic infl ammatory disease of the esophagus, characterized histologically by a mucosal infi ltration of eosinophils and symptomatically by dysphagia and food impaction ( 1 ) . Since EoE was fi rst described as a distinct entity in 1993, the incidence of the disease has increased tremendously and EoE has become the most common cause of dysphagia in adolescents and young adults. Without adequate treatment, continuous infl ammation leads to progressive narrowing of the esophagus ( 2 ) .
Although the pathophysiology of EoE has not been completely elucidated, it seems to align with other atopic diseases such as atopic dermatitis and asthma ( 3 ) . Ingested food allergens are thought to be the driver of the infl ammation and studies have shown that elimination of food allergens can induce disease remission, providing further evidence for the allergic component of the
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disease ( 4, 5 ) . However, the exact mechanism of how exposure to food allergens results in EoE is unknown. In patients with active EoE, the esophageal mucosal integrity is impaired and intercellular spaces are dilated ( 6 ) . Th e relationship between an impaired epithelial barrier function and allergy has been studied extensively in atopic dermatitis, in which an increased skin permeability is primarily responsible for permeation of allergens and subsequent activation of immune system ( 7 ) . Th is increased permeability is thought to be induced by a dysregulation of tight junction proteins: claudin 1 ( CLDN1 ) and zonula occludes 1 ( ZO-1 ) ( 8 ) . However, it is also possible that the impaired mucosal integrity found in EoE is only secondary to products produced by the infl ammatory infi ltrate, and thus merely the result of the infl ammation and not its cause. Previous studies have shown that the EoE-associated infl ammatory cytokine interleukin (IL)-13 and IL-5 have indeed the ability to downregulate desmoglein (DSG1) and fi laggrin (FLG), two barrier integrity proteins ( 9, 10 ) . Interestingly, in atopic dermatitis, barrier dysfunction was not only observed in the skin but also in the small intestine ( 11 ) . Th is raises the question whether the esophagus is the sole site of allergen uptake in EoE, or whether allergens also permeate through the small intestine and initiate or aggravate an infl ammation in a distant organ-the esophagus. Th e current literature on duodenal involvement in EoE is contradictory, with indications for increased small intestinal permeability found in one study in adults but not in another study in children ( 12, 13 ) . Either way, esophageal and/or small intestinal mucosal integrity may be of pathophysiological relevance, and restoration of the mucosal integrity may be essential to accomplish complete histological remission.
Studies with elemental diets, lacking food allergens, showed impressive clinical and pathologic response in EoE ( 14, 15 ) . However, the eff ect of absence of food allergens, through an elemental diet, on the mucosal integrity has never been investigated in these patients.
We aimed to investigate the eff ect of an elemental diet on the esophageal and small intestinal mucosal integrity in adult EoE patients. We hypothesized that in adult EoE patients complete avoidance of food allergens by an elemental (amino acid-based) diet restores the impaired esophageal mucosal integrity and decreases the esophageal infl ammation. In addition, we hypothesized that the duodenal mucosal integrity is impaired in patients with active EoE.
METHODS

Study patients
In this prospective cohort study patients were included from the outpatient clinic of the Academic Medical Centrum Amsterdam between December 2014 and October 2015. Healthy controls were recruited through advertisement. Adults were eligible for enrolment if EoE was diagnosed according to current guidelines, defi ned as typical symptoms of EoE (dysphagia and/or food impaction) and the presence of more than 15 eosinophils per high-power fi eld (HPF) during a high dosage of proton pump inhibition or H2 blockers ( 1 ). Exclusion criteria were: other esophageal or gastrointestinal diseases, previous surgery of the digestive tract, severe comorbidity scored as ASA class III or higher, and the inability to stop anti-infl ammatory drugs (i.e., topical or systemic steroids and leukotriene inhibitors). Healthy controls were recruited exclusively for participation in this trial and underwent endoscopy solely for study purpose. Th ey were pre-screened to ensure they had no atopic predisposition or other severe comorbidities classifi ed as ASA II or higher. Each study subject gave written informed consent, and the study protocol was approved by the Medical Ethics Committee of our institution and prospectively registered in the Dutch trial registry (Trialregister.nl NTR4892).
Study protocol
In this trial, patients were treated with a newly developed amino acid-based formula (Neocate Nutricia, Utrecht, Th e Netherlands). Th e clinical results of the dietary trial have been published before ( 16 ) , the focus of the current study is on the eff ects on esophageal and duodenal barrier function. In order for patients to meet their nutritional requirements during the elemental diet, patients visited a dietician with expertise in EoE, who calculated the minimal required daily formula consumption based on a patient's body mass index (BMI) and weekly physical activity. Aft er a washout period of four weeks during which patients were not allowed to use any immunosuppressive drugs, a baseline endoscopy was performed. Aft er four weeks of elemental diet patients underwent a second endoscopy. Healthy controls were not treated with an elemental diet and only underwent the baseline endoscopy. Before each endoscopy, patients and healthy controls were instructed to consume a dual sugar solution and to collect their urine over 5 h. Details regarding this lactulose/mannitol test will be provided below.
Esophagogastroduodenoscopy
Th e endoscopies were performed by a single gastroenterologist per standardized protocol. Aft er routine inspection of the esophagus and stomach, electrical tissue impedance spectroscopy (ETIS) measurements were performed in the esophagus and proximal duodenum, as described below. Subsequently four biopsy specimens were taken in the duodenum for histopathology and two for gene expression profi ling. In the same region, another four biopsy specimens were obtained with a larger biopsy forceps (diameter, 3.7 mm) for in vitro analysis of mucosal integrity in Ussing chambers. Th ese measurements were also performed in the mid esophagus. In total, 10 biopsy specimens were taken in the duodenum and 10 in the esophagus.
Histopathologic analysis
Duodenal and esophageal biopsy specimens were directly fi xed in formalin and subsequently embedded in paraffi n. Th e biopsy specimens were sectioned at 5 microns and stained with hematoxylin and eosin (H&E) and tryptase. In a low-power view setting the area of most densely populated eosinophilia in the esophageal biopsy specimen was determined. Subsequently a ×400 magnifi cation was used in order to determine the peak . According to previous literature, complete histologic response was defi ned as <15 eosinophils/HPF with a decline of more than 50% of pre-diet eosinophil count ( 17 ) . Partial response was defi ned as a decline of more than 50% of pre-diet peak eosinophil count but with ≥15 eosinophils/HPF aft er diet. A gastrointestinal pathologist with extensive expertise in EoE, who was blinded to the patients' treatment status, scored the biopsy specimens. Other analyzed histologic features included: (i) basal hyperplasia, graded on a scale of 0-3 (absent to severe hyperplasia in two upper third of total epithelial thickness) and (ii) spongiosis, which was scored analogous to basal hyperplasia ( 18 ) . Duodenal biopsy specimens were evaluated according to the modifi ed Marsh-Oberhuber classifi cation, which describes mucosal architectural and infl ammatory changes, villous atrophy, crypt hyperplasia and increased intraepithelial lymphocytes (IELs) ( 19 ) . All analyses were performed using an Olympus BX41 microscope (Olympus Europe, Hamburg, Germany).
Esophageal and duodenal mucosal integrity assessment in vivo
ETIS measurements were performed as previously described ( 20 ) . In brief, impedance is the measure of the degree to which an electric circuit resists to an alternating electric current when impressed through tissue ( 21 ) . Mucosal impedance refl ects how electricity travels through intestinal tissue ( 22 ) . During endoscopy a fl exible ETIS probe with a diameter of 3.2 mm was advanced through the working channel of the endoscope and placed against the esophageal and duodenal mucosa. Th e probe consists of four electrodes, two inject an alternating current and the other two electrodes measure the potential diff erence between them. In each patient, measurements were performed mid esophageal and in the proximal duodenum, in four quadrants, and since the impedance measurements were directly visualized on the data acquisition unit only stable measurements were obtained. All measurements were performed by the same gastroenterologist with expertise in ETIS.
Esophageal and duodenal mucosal integrity assessment in vitro
In vitro analysis of mucosal integrity was performed according to previously described methods ( 20 ) . Briefl y, biopsy specimens were directly transferred to Ussing chambers, consisting of two baths fi lled with Meyler solution and gassed with oxygen. Th e biopsy specimens were mounted in between the baths, separating the two solutions. A voltage electrode measured the ion transport across the membrane, and two electrodes were injecting a constant current. According to Ohm's law, the transepithelial resistance (TER) was calculated. Simultaneously, transepithelial fl ux of two fl uorescent molecules, fl uorescein (molecular weight 0.3 kDa) and rhodamine (40 kDa; size similar to that of common food allergens), was measured. On the luminal side, the Meyler solution was replaced for the same solution with addition of the fl uorescing molecules. A sample of the solution was taken from the opposite side, and the concentration of the two molecules was measured, which refl ects the permeability of the mucosa in vitro .
Lactulose/mannitol test
Th e dual sugar test measuring the L/M ratio is one of the most commonly used test for the analysis of small intestinal permeability ( 23 ) . It consists of a simultaneous oral administration of the disaccharide lactulose and the monosaccharide mannitol and their urinary excretion over period of time. Lactulose is a large non-metabolizable molecule; of which only a small proportion permeates through the small intestinal mucosa, and is excreted in the urine. If the mucosal integrity is impaired the urinary excretion of lactulose will increase. In contrast, mannitol, the smaller molecule, can always pass through the membrane freely, and the percentage that is excreted in the urine is higher. Intestinal permeability is expressed as the ratio of urinary excretion of lactulose vs. mannitol; the higher the ratio the higher the permeability of the small intestine. Patients and healthy controls drank 100 ml of water with 2 g of lactulose and 5 g of mannitol. Th e subjects consumed the solution within the period of fasting that preceded the endoscopic procedure. Subsequently, urine was collected for 5 h aft er ingestion, which is a validated timeframe for small intestinal permeability ( 24 ) . An aliquot of the total urine volume was preserved in a −20° freezer until analysis. L/M ratios were calculated by highperformance liquid chromatography (HPLC). Th e upper limit of a normal L/M ratio was defi ned as 0.03, as previously described ( 25 ) .
Quantitative real-time PCR
Expression of genes encoding for barrier integrity and tight junction proteins was measured by qPCR as previously described ( 16 ) . Briefl y, esophageal and duodenal biopsy specimens were immediately immersed in RNA stabilization reagent (RNAlater, Qiagen, Hilden, Germany). RNA was extracted from homogenized biopsy specimens according to the manufacturer's instructions of RNeasy Micro Kit (Qiagen). A Nanodrop Spectrophotometer (Nanodrop Technologies, Wilmington, DE) calculated the concentration of RNA, and subsequently cDNA was synthesized by making use of a reverse transcriptase reaction which was performed according to the MBI Fermentas cDNA synthesis kit (Fermentas, Vilnius, Lithuania), using both the Oligo (dT) 18 and the D (N) 6 primers. Quantitative real-time RTPCR was performed on a LightCycler 480 (Roche Diagnostic, Almere, Th e Netherlands) using SYBR Green PCR Master Mix (Roche Diagnostic) and primers from Invitrogen. For quantitative real-time PCR, samples were normalized for the mean of the two most stable housekeeping genes Cyclophilin and Hypoxanthine-Guanine Phosphoribosyl Transferase ( HGPRT ). Transcript values of zonula occludes 1( ZO-1 ), desmoglein-1 ( DSG1 ), claudin-1 ( CLDN1 ), and fi laggrin ( FLG ) were determined in duplicate. Primer sequences are applied as Supplementary Table 1 online.
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics (version 22.0) (SPSS, Chicago, USA). Descriptive statistics were used to summarize fi ndings. Categorical variables were described as percentages and continuous variables were expressed as median with interquartile ranges. Before and aft er treatment, binary data were compared using McNemar's test and ordinal data were com-ESOPHAGUS VOLUME 112 | JULY 2017
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pared using the Wilcoxon's signed rank test for non-parametric variables. Unpaired non-parametric data were compared using the Mann-Whitney U -test for ordinal data and a χ 2 -test for categorical data. Correlations were calculated using the Spearman correlation coeffi cient. A P -value <0.05 was considered signifi cant.
RESULTS
Twenty-fi ve patients were eligible for participation. Aft er baseline endoscopy, four patients were excluded because of spontaneous remission with a peak eosinophil counts <15 eos/HPF. Seventeen of the 21 patients, who started the elemental diet, completed the trial according to the protocol guidelines. Eight age-matched healthy controls were included and underwent the baseline endoscopy. Baseline characteristics of the included EoE patients and healthy controls are listed in Table 1 .
Histopathological response
Aft er four weeks of elemental diet the peak eosinophil count in the esophageal mucosa had decreased signifi cantly, from 43 (29-80) per HPF to 9 (2-18) per HPF (median, interquartile range) ( P <0.001; Figure 1 ). Twelve of the 17 (71%) patients achieved complete histological response and 4 (24%) patients achieved partial response. One patient was classifi ed as a non-responder.
Th e proportion of patients with moderate to severe spongiosis in their esophageal biopsies was signifi cantly higher before the diet, and decreased from 13 (76%) to 5 (30%) aft er the diet ( P =0.015). In a minority of patients spongiosis had completely disappeared aft er the diet (6%). Likewise, the diet had an eff ect on basal cell hyperplasia: 13 (76%) patients had moderate to severe basal cell hyperplasia before the diet, compared with 2 (12%) patients aft er the diet ( P =0.006).
In the duodenal biopsy specimens of EoE patients no abnormalities were observed before or aft er elemental diet and all biopsy specimens were classifi ed as Marsh 0. In the healthy controls, no abnormalities were observed in the esophageal and duodenal biopsy specimens.
Esophageal mucosal integrity
At baseline, patients had a signifi cantly lower esophageal mucosal impedance (ETIS) than aft er the diet and as compared with healthy controls. Aft er the diet, esophageal mucosal impedance values in both groups were no longer signifi cantly diff erent. Accordingly, the esophageal TER had signifi cantly improved in patients aft er diet when compared with baseline TER. However, despite this improvement, the esophageal TER in EoE patients aft er diet remained signifi cantly lower than the TER in healthy controls ( Table 2 and Figure 2 ). Although not statistically signifi cantly diff erent, aft er treatment the TER in the complete responders was considerably higher than the TER in the partial/non-responder (124 Ω cm 2 vs. 80 Ω cm 2 (MEDIANS)). Subsequently, the esophageal mucosal permeability, measured by the transepithelial fl ux of 0.3 kDa fl uorescein molecules and 40 kDa rhodamine molecules, had decreased signifi cantly aft er the diet. Aft er the diet, esophageal fl uorescein and rhodamine fl ux in patients were reduced to healthy control levels ( Table 2 and Figure 2 ). In the compete responders the mean transepithelial fl uorescein and rhodamine fl ux were lower (MEDIAN 43 μ mol/cm 2 /h and 15 μ mol/cm 
Duodenal mucosal integrity
Th e duodenal mucosal impedance and TER values in EoE patients were similar to those found in healthy controls and were not aff ected by the diet ( Table 2 and Figure 3 ) . Accordingly, the duodenal mucosa in patients before and aft er diet and in healthy ) P =0.08). Th is potential diff erence in FLG and DSG 1 gene expression between responders and partial/non-responders persisted aft er the elemental diet.
Th e baseline gene expression levels of the tight junction proteins ZO-1 and CLDN 1 were not signifi cantly diff erent compared with those found aft er the diet. In addition, the expression of ZO-1 and CLDN 1 aft er diet did not signifi cantly diff er from values seen in healthy controls. Interestingly, the baseline expression of CLDN 1 was signifi cantly higher in EoE patients compared with healthy controls ( Figure 4 ).
Duodenal expression of transcripts for barrier integrity and tight junction proteins
Th e expression of genes encoding FLG , ZO-1 and CLDN 1 in the duodenal biopsy specimens was not aff ected by the diet and values before and aft er the diet were not signifi cantly diff erent. Notably, the baseline gene expression of DSG 1 was significantly higher compared with the expression values aft er diet. Comparison of the gene expression of FLG , DSG 1, and ZO-1 in patients at baseline and aft er the diet to the gene expression in healthy controls showed no signifi cant diff erences. However, the baseline CLDN 1 expression in EoE patients was significantly higher than that in healthy controls ( Figure 5 ). controls was completely impermeable for fl uorescein and rhodamine molecules ( Table 2 ) .
Lactulose mannitol test
Th e L/M ratios of patients before the diet (median (interquartile range) 0.018 (0.007-0.047)), aft er the diet (median (interquartile range) 0.022 (0.012-0.061)) and in healthy controls (median (interquartile range) 0.020 (0.013-0.024) were all within the reference range and fell below the upper limit of normal permeability values (0.03). Th ere was no statistically signifi cant diff erence between groups ( P >0.05).
Esophageal expression of transcripts for barrier integrity and tight junction proteins
Th e expression of the transcripts for tight junction and barrier integrity proteins FLG and DSG1 , measured in the esophageal biopsy specimens of EoE patients at the onset of the diet, were signifi cantly lower when compared with healthy controls. Th e expression of the transcripts for both proteins was increased 
Correlations between mucosal integrity, peak eosinophil count and FLG and DSG 1 expression
Spearman's correlation analysis demonstrated a negative correlation between peak eosinophil counts and esophageal mucosal impedance and TER ( r =−0.48 and r =−0.68 both <0.05). A positive correlation was found between peak eosinophil counts and esophageal mucosa permeability, expressed as the transepithelial fl ux of fl uorescein and rhodamine ( r= 0.43 and r =0.49, both 
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transcripts for barrier integrity protein FLG and DSG 1 in the esophageal biopsy specimens is increased signifi cantly by an elemental diet.
Comparison of esophageal TER and FLG and DSG 1 expression of complete responders to partial/non-responders showed that responders had a greater improvement aft er diet, suggesting that improvement paralleled histologic response. In contrast to the convincing eff ects of the elemental diet on the esophageal mucosal integrity, the duodenal mucosal integrity seemed not be aff ected and the duodenal mucosal integrity was not impaired compared with healthy controls. Th e small intestinal permeability of EoE patients has been investigated twice before. Our results are in keeping with the conclusion of Leung et al. , that an alteration in small intestinal permeability does not play a role in EoE ( 26 ) . In contrast, the group of Katzka et al. demonstrated an increased small intestinal permeability in patients with active EoE ( 12 ) . Intestinal permeability depends on numerous factors, and potentially plays a role in atopic dermatitis, food allergy and asthma ( 27 ) . EoE patients oft en present with concurrent allergic diatheses, and although Katzka et al. found an equal distribution of concurrent allergic diatheses among groups, the disease severity and activity could have diff ered between groups. Th is may have been an explanation for the observed increased intestinal permeability. Additionally, the measurements were not performed in the same patients before and aft er treatment. Furthermore, in a majority of Katzka's patients disease remission was achieved upon topical steroid treatment, which could have had a benefi cial eff ect on other atopic diatheses, which are associated with increased intestinal permeability.
Th e present study indicates that in EoE patients the infl ammation and mucosal integrity disruption seem to be restricted to P <0.05). Consequently, a negative correlation was found between peak eosinophil counts and the esophageal gene expression of the transcripts for the barrier integrity proteins FLG and DSG 1 (r=−0.56 and r=−0.57, both P <0.05).
Esophageal TER was positively correlated to the gene expression of FLG ( r =0.44, P <0.05) and DSG 1 ( r =0.61, P <0.05). In addition, esophageal mucosal impedance correlated positively with the gene expression of the transcripts for the barrier integrity proteins FLG ( r =0.46, P <0.05) and DSG 1 ( r =0.54, P <0.05).
DISCUSSION
Th is prospective study was the fi rst study to demonstrate that, in EoE, induction of remission, by excluding dietary allergen with use of an elemental diet, leads to recovery of the esophageal mucosal integrity. To our knowledge, the small intestinal permeability of EoE patients has never been investigated prospectively before and aft er treatment in the same cohort. Our study gives a comprehensive overview of the esophageal and duodenal mucosal integrity in EoE by studying fi ve diff erent measures.
We demonstrate that complete avoidance of dietary allergens, achieved by an elemental diet, leads to restoration of the mucosal impedance and disturbed permeability of the esophageal mucosa. Aft er 4 weeks of elemental diet, the esophageal mucosal impedance and permeability corresponded with the values observed in healthy controls. Although the elemental diet signifi cantly improved the esophageal TER, values did not completely normalize when compared with healthy controls. Besides restoration of the esophageal mucosal integrity, the reduced baseline gene expression of the ESOPHAGUS VOLUME 112 | JULY 2017 the esophagus. A possible explanation is that EoE is initiated and regulated by a local immune response. Indeed, several studies suggested local esophageal B and T cell activation, including class cell recombination to IgE in the esophagus, local IgE production and IgE-bearing mast cells in the esophageal mucosa ( 28, 29 ) . Moreover, it has been shown that esophageal epithelial cells are able to process and present antigens, possibly stimulating a Th -2 immune response ( 30 ). 
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previously demonstrated that, in PPI-REE patients, histological response to PPI treatment was associated with improvement of the esophageal integrity ( 31 ). Subsequently, it was
Given the paucity of data in the literature on the eff ect of dietary treatment on the esophageal mucosal integrity, a direct comparison between previous studies is diffi cult. However, we , e , g ). The expression of desmoglein-1 ( DSG1 ) after diet was signifi cantly lower when compared with baseline expression ( c ). There were no signifi cant differences in the expression of FLG, DSG1 and ZO-1 between EoE patients and healthy controls ( b , d , h ). The baseline gene expression of CLDN1 in EoE patients was signifi cantly higher when compared with values seen in healthy controls, whereas the expression of CLDN1 after diet was no longer signifi cantly different from values seen in healthy controls ( f ). Logarithmic y axes were used to visualize the skewed data. Black horizontal lines indicate group medians.
shown that successful topical steroid treatment restored the esophageal integrity in EoE patients ( 6 ) . An elemental diet counteracts the esophageal infl ammation in EoE by elimination of food allergens in sensitized patients, whereas topical steroids attack the infl ammatory cells or modify signaling pathways ( 32 ) . Despite diff erent approaches, the esophageal mucosal integrity values of patients who responded successfully to topical steroid treatment were also comparable with values in healthy controls ( 6 ) . Th ese fi ndings imply that histologic response to dietary or immunosuppressant approaches result in a comparable complete restoration of the esophageal mucosal integrity, suggesting that the disruption is at least partly secondary to esophageal infl ammatory damage. Nevertheless our study was not specifi cally designed to answer this question and further mechanistic research is warranted to confi rm that the barrier function defect is indeed secondary to infl ammatory injury. A major question relevant for EoE is how food allergens initiate the esophageal infl ammation and disrupt the esophageal mucosal integrity. We have previously shown that Th ymic Stromal Lymphopoietin ( TSLP ), a cytokine which drives the infl ammatory response in multiple Th 2-type associated allergic diatheses, was overexpressed in esophageal biopsy specimens of patients with active EoE, and normalized by complete absence of food allergens ( 16, 33 ) . Recently, in an experimental study, it was shown that in vitro food allergen stimulation of esophageal epithelial cells induced TSLP secretion, which in turn may activate esophageal dendritic cells leading to a Th -2 immune response ( 33 ) . In addition, in vitro incubation of monocytes with specifi c allergens led to elevations of the EoE-associated infl ammatory cytokines IL-5 and IL-13 , showing that food allergens can directly activate the immune system. Our current study follows previous work in which we have demonstrated that the overexpression of the transcripts for IL-5 and IL-13 in active EoE was reversed by absence of food allergens through an elemental diet ( 16 ) . Considering the ability of IL-13 to downregulate DSG 1 and FLG , we assume that in our study the upregulation of IL-13 is at least partly responsible for the impaired gene expression of the transcripts for FLG and DSG 1 ( 9, 10 ) . Although the gene expression of FLG was normalized, gene expression of DSG 1 was only partly restored upon elemental dietary treatment. DSG 1 dysfunction induces segregation of epithelial cells which is histologically described as diluted intercellular spacing (DIS) or spongiosis ( 10 ) . Remarkably, spongiosis could not completely be resolved by elemental dietary treatment or by topical steroid treatment ( 6 ); these fi ndings may support the hypothesis that the expression of DSG 1 recovers slower than the 4-week follow-up of our study ( 6, 14 ) .
An alternative explanation is that this resultant impairment of the mucosal barrier in the absence of food allergens is preexisting and may facilitate initial transepithelial allergen passage and thus initiate infl ammation. It has recently been shown that antigen penetration in active EoE might indeed be facilitated by impairment of epithelial integrity ( 34 ) . Th ese fi ndings would argue against impaired mucosal integrity as a pure consequence of the infl ammation, and suggest it is a primary defect predisposing to EoE. Given that the relationship between an impaired epithelial barrier function and allergy has been studied extensively in atopic dermatitis, and since the pathophysiological mechanisms seem to align, we hypothesized that tight junction proteins CLDN1 and ZO-1 , both dysregulated in atopic dermatitis, would play a role in the pathogenesis of EoE ( 8 ) . However, in this study we found no decreased expression of genes encoding CLDN1 and ZO-1 . Th ese results are in keeping with the conclusion for previous studies ( 10 ) . Altogether, these data suggest that the impaired mucosal integrity in EoE is not aff ected by an alteration of tight junctions.
Th e limitations of this study must be pointed out. Th e fi rst of these is the relatively small sample size, which is, however, comparable with that of other prospective mechanistic EoE trials. Th e sample size was large enough to fi nd strong signifi cant diff erences. Second, the ETIS has not been validated for duodenal tissue. However, the values of healthy controls served as a valuable reference standard and ETIS has successfully been used to detect the electrical characteristics of many diff erent tissues, and ETIS measurements correlated with the other parameters of duodenal mucosal integrity ( 35 ) . Th ird, we have evaluated gene expressions, which is a prediction of protein expression. It would have provided additional information if we would have measured the actual changes in the encoded proteins.
In conclusion, complete dietary allergen avoidance, using an elemental diet, restores the impaired esophageal mucosal integrity. Th is study confi rms that dysregulation of fi laggrin and desmoglein-1 plays a role in the impaired esophageal barrier function rather than alterations in tight junction proteins. Finally, our study provides further evidence that impaired duodenal mucosal integrity is not involved in the pathogenesis of EoE. 
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